Introduction {#S0001}
============

Lung cancer is the most malignant tumor with the highest morbidity and mortality in the world. According to the International Agency for Research on Cancer(IARC) 2012, the incidence of lung cancer ranks first in the incidence of all malignant tumors.[@CIT0001] Non-small cell lung cancer (NSCLC) is the main type of lung cancer, accounting for about 80% of all lung cancer.[@CIT0002] NSCLC is mainly classified into squamous cell carcinoma, adenocarcinoma, adenosquamous carcinoma, large cell lung cancer, and sarcomatoid carcinoma. NSCLC lacks obvious clinical manifestations in the early stage, and most patients have discovered lymphatic metastasis and distant metastasis when they are found. Therefore, patients with NSCLC have a poor prognosis, and the 5-year survival rate is usually less than 20%,[@CIT0003] which is a serious threat to human life and health. Studying the mechanism of NSCLC occurrence and development is crucial for the diagnosis and treatment of NSCLC.

With the development of molecular biology technology, long-chain non-coding RNAs (lncRNAs) have gradually become a research hotspot, playing an important role in many biological activities such as tumorigenesis,[@CIT0004] cell growth[@CIT0005] and transcriptional regulation.[@CIT0006] LncRNA dysfunction is associated with a variety of diseases, including cancer,[@CIT0007] cardiovascular diseases[@CIT0008] and degenerative diseases.[@CIT0009] A large number of studies on NSCLC and LncRNA have shown that a variety of LncRNAs can play an important role in the formation and progression of NSCLC through different signaling pathways. LncRNA MNX1-AS1 (MNX1 antisense RNA1 (head to head)), also known as CCAT-5, is located on chromosome 7 and can be transcribed to generate 992 bp of non-coding RNA. There are currently few reports on MNX1-AS1. Wu[@CIT0010] found MNX1-AS1 abnormally high expressed in gallbladder carcinoma, and its co-expression network was associated with 23 lncRNAs and 39 mRNAs, which include tumor-associated protein-coding genes such as trim59, otx1, HOXB9, and Semac, suggesting its relationship with the pathogenesis of gallbladder cancer. Lv et al[@CIT0011] also confirmed that MNX1-AS1 was an oncogene in the pathogenesis of ovarian cancer. However, there was no relevant report on the relationship between LncRNA MNX1-AS1 and NSCLC.

In this study, we investigated the expression of LncRNA MNX1-AS1 in NSCLC and further analyzed the biological function of MNX1-AS1 in the progression of NSCLC.

Materials and methods {#S0002}
=====================

NSCLC tumor tissue and cell line {#S0002-S2001}
--------------------------------

Tumor tissues and normal adjacent lung tissues of 116 patients with non-small cell lung cancer who were surgically resected from January 2010 to January 2013 were selected. The tumor tissues were confirmed to be NSCLC by the department of pathology of the No. 988 hospital of the joint logistic support force of the Chinese people's liberation army.The clinical and follow-up data of all patients were complete, and no radiotherapy, chemotherapy or other tumor-related treatments were performed before surgery. Lymph node metastasis and TNM staging referred to the 7th International Union Against Cancer (2009). All lung cancer patients were reviewed regularly and the follow-up period was up to January 2018. Survival time refers to the initial hospitalization to death or the last follow-up. The study was approved by the Medical Ethics Committee of the No. 988 hospital of the joint logistic support force of the Chinese people's liberation army and all patients signed informed consent. The non-small cell lung cancer cell line A549 and the human normal lung epithelial cell line Beas-2B were purchased from the Shanghai Cell Bank of the Chinese Academy of Sciences.

The cells were cultured in RPMI-1640 medium (Thermo Fisher Scientific, Waltham, MA, USA) containing 10% fetal bovine serum (FBS, Life Technologies, USA), 100 U/ml penicillin and 100 mg/ml streptomycin (Gibco, NY, USA) in a humidified incubator at 37 °C in 5% CO~2~.

qRT-PCR {#S0002-S2002}
-------

The expression level of MNX1-AS1 in tissues was detected using qRT-PCR. Total RNA was extracted from tissues using TRIzol reagent (Invitrogen). RNA was reverse transcribed using the SuperScript First Strand cDNA system (Invitrogen) according to the manufacturer's instructions. PCR amplification was performed on an Applied Biosystems 7900HT (Applied Biosystems). The relative expression level of MNX1-AS1 was calculated by the 2^−ΔΔCt^ method using GAPDH as an internal reference. qRT-PCR reaction conditions: 95 °C for 10 min, 95 °C for 15 s, 72°C for 15 s, a total of 40 cycles. Primer sequences were designed as follows: MNX1-AS1, 5ʹ-CCCGCATTTTCAGATTCAC-3ʹ(sense) and 5ʹ-GCTCTCAGCCTCGCCATA-3ʹ(antisense); GAPDH, 5ʹ-GTCAACGGATTTGGTCTGTATT-3ʹ(sense) and 5ʹ-AGTCTTCTGGGTGGCAGTGAT-3ʹ(antisense).

Transfection {#S0002-S2003}
------------

The lentivirus knocking out MNX1-AS1 and the corresponding negative control lentivirus were purchased from GenePharma (Shanghai, China). Si-control and si-MNX1-AS1 lentiviruses were transfected into A549 cells respectively, using Lipofectamine 2000 transfer reagent according to the instructions. Cell lines stably transfected with lentivirus were harvested for subsequent assays.

Cell proliferation and colony formation experiments {#S0002-S2004}
---------------------------------------------------

Cell proliferation was measured using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cell proliferation/viability assay kit (Sigma-Aldrich, USA). After 48 h of transfection, the cells were seeded at 1×10^5^ cells/well into 96-well plates with 6 replicate wells per group. After further 48 h of incubation, 20 μL of MTT (5 g/L) was added to each well and incubated for 4 h. After discarding the MTT, 150 μL DMSO was added to shake and fully dissolved. The absorbance OD was measured at 490 nm by a microplate reader (Thermo, USA).

The transfected cells were seeded into the culture plate at 200 cells/well, and after 2 weeks of incubation, the cells were washed with PBS and stained with Giemsa solution. The number of colonies containing \>50 cells were observed under the microscope.

Apoptosis experiment {#S0002-S2005}
--------------------

Apoptosis was detected by flow cytometry (Becton Dickinson, USA) using Annexin-V and propidium iodide (PI) apoptosis detection kit (Sigma-Aldrich, USA). The cells transfected for 48 h were digested, resuspended in Binding Buffer, mixed and added with 5 μL of Annexin V, stained for 10 min in the dark, and then added with 50 mg/L PI staining at room temperature for 5 min. Flow cytometry was used to detect the proportion of Annexin V positive cells to determine the apoptotic rate. Three repetitions per group.

Cell migration and invasion experiments {#S0002-S2006}
---------------------------------------

The transfected cells were inoculated into the upper chamber of Transwell chamber (Corning) at 1×10^5^ cells/mL, and the RPMI-1640 medium containing 30% FBS was added to the lower chamber, and cultured at 37 °C, 5% CO~2~, 100% humidity in constant temperature cells. Incubated in the box for 24 h. The chamber was removed, rinsed with PBS, and fixed in absolute ethanol for 40 min. After crystal violet staining, the cells that did not pass through the upper chamber were wiped off with a cotton swab, and the cells passing through the upper chamber were counted under an inverted microscope. Five fields of view were randomly selected to detect changes in migration ability. Matrigel (Corning) was diluted in RPMI-1640 medium, spread evenly in a chamber, and tested for cell invasion according to the procedure for detecting migration ability. The experiment was repeated three times.

Western blot analysis {#S0002-S2007}
---------------------

The expression of intracellular related proteins was analyzed by Western Blot. The transfected cells were extracted from the lysate to extract total protein. The protein concentration was determined by the BCA method. The amount of protein loaded per well was 40 μg in SDS-PAGE electrophoresis. The separation gel concentration was 10%. The protein was transferred to the PVDF membrane after electrophoresis. Block overnight with TBST solution containing 5% skim milk powder. The primary antibodies (BD, USA) of Bax, Bcl-2, MMP-9, MMP-2, Vimentin, N-cadherin, and E-cadherin were incubated for 2 h at room temperature, washed with TBST, and then added with secondary antibodies. After incubation for 2 h at room temperature, ECL (Millipore) was used to luminesce in the dark room. Protein strip gray scale was quantified using β-actin as a reference.

Statistical analysis {#S0002-S2008}
--------------------

All data in this study were analyzed using statistical software SPSS 21.0(SPSS Inc., Chicago, IL, USA). The measurement data was described by mean ± standard deviation (SD), and the *t* test was performed; The count data was described by "%", and the chi squared test was performed. The survival curve was evaluated using the Kaplan-Meier method, and the comparison between groups was performed using the Log-rank method. When *p*\<0.05, the difference was statistically significant.

Results {#S0003}
=======

MNX1-AS1 expression is significantly elevated in NSCLC tissues and cell lines {#S0003-S2001}
-----------------------------------------------------------------------------

The expression of MNX1-AS1 in NSCLC tissues and cell lines were detected by qRT-PCR. As shown in [Figure 1A](#F0001){ref-type="fig"}, the expression of MNX1-AS1 was significantly increased in tumor tissues compared to normal lung tissue (*t*=35.52, *p*=0.000). In addition, the expression level of MNX1-AS1 in the NSCLC cell line A549 was significantly higher than that in the human normal lung epithelial cell line Beas-2B (*t*=2.795, *p*=0.031, [Figure 1B](#F0001){ref-type="fig"}). The results indicated that MNX1-AS1 is up-regulated in NSCLC tissues and cell lines.Figure 1MNX1-AS1 expression was significantly elevated in NSCLC tissues and cell lines. (**A**) Expression of MNX1-AS1 in NSCLC tissues. (**B**) Expression of MNX1-AS1 in A549 cells. Values are means ± SD. \*\**p*\<0.01. n=116.

Relationship between MNX1-AS1 and clinicopathological features of patients with NSCLC {#S0003-S2002}
-------------------------------------------------------------------------------------

The MNX1-AS1 expression level in the NSCLC tissues was classified according to the median value (M=2.28):≥2.28 was recorded as MNX1-AS1 high expression, and the \<2.28 was recorded as MNX1-AS1 low expression. Univariate analysis showed that MNX1-AS1 was not associated with gender, age, tumor size, pathological type, and degree of differentiation in patients with NSCLC, but was significantly associated with TNM stage (*p*=0.006) and lymph node metastasis (*p*=0.000, [Table 1](#T0001){ref-type="table"}). Table 1Relationship between MNX1-AS1 expression and clinical features of patients with NSCLCClinical featuresnMNX1-AS1*p*Low expressionHigh expressionGenderMale7038320.255Female462026Age≤504121200.846＞50753738Tumor size≤3 cm5422320.063＞3 cm623626Pathological typeSquamous cell carcinoma5329240.351Adenocarcinoma632934DifferentiationHigh2212100.641Medium271512Low673136TNM stageⅠ+Ⅱ3826120.006Ⅲ+Ⅳ783246Lymph node metastasisNo413470.000Yes752451

High expression of MNX1-AS1 is associated with poor prognosis of NSCLC {#S0003-S2003}
----------------------------------------------------------------------

To analyze the relationship between MNX1-AS1 expression and prognosis in patients with NSCLC, univariate analysis was used to analyze the correlation between MNX1-AS1 expression and 5-year overall survival ([Table 2](#T0002){ref-type="table"}). The Kaplan-Meier method confirmed that high expression of MNX1-AS1 was associated with a poor prognosis in NSCLC (*p*=0.000). In the MNX1-AS1 high expression group, the 5-year overall survival rate was 17.2%, and the mean survival time was 32.67 months. In the low expression group, the 5-year overall survival rate was 60.3%, and the average survival time was 47.26 months ([Figure 2](#F0002){ref-type="fig"}). In addition, lymph node metastasis was also associated with patient prognosis (*p*=0.000). Figure 2Correlation between MNX1-AS1 and overall survival in patients with NSCLC. Higher MNX1-AS1 expression can predict poor prognosis of NSCLC patients（Log-rank *χ^2^*=23.398，*p*=0.000）.Table 2Univariate analysis of factors affecting the prognosis of patients with NSCLCClinical featuresnSurvival time (month)5-year survival rate*Log-rank p*GenderMale7040.2642.9%0.234Female4639.2032.6%Age≤504141.0536.6%0.924＞507539.3740.0%Tumor size≤3cm5440.3140.6%0.592＞3cm6239.5436.5%Pathological typeSquamous cell carcinoma5339.8937.7%0.963Adenocarcinoma6340.0239.7%DifferentiationHigh+medium4943.4049.0%0.059Low6737.4131.3%TNM stageⅠ+Ⅱ3840.2642.1%0.714Ⅲ+Ⅳ7839.8037.2%Lymph node metastasisNo4151.6665.9%0.000Yes7533.5124.0%MNX1-AS1 expressionLow5832.6717.2%0.000High5847.2660.3%

Identification of transfection efficiency {#S0003-S2004}
-----------------------------------------

The constructed si-MNX1-AS1 and the corresponding negative control (si-control) were transfected into NSCLC cell line A549, respectively. Total RNA was extracted from the cells 48 h after transfection, and the transfection efficiency was examined by RT-PCR. As shown in [Figure 3](#F0003){ref-type="fig"}, MNX1-AS1 siRNA significantly inhibited the expression level of MNX1-AS1 in A549 cells (si-MNX1-AS1 group vs control group, *t*=4.082, *p*=0.007).Figure 3Expression of MNX1-AS1 in NSCLC cell lines following transfection of siRNA. Values are means ± SD. \*\**p*＜0.01.

Knockdown MNX1-AS1 inhibits proliferation of NSCLC cells {#S0003-S2005}
--------------------------------------------------------

As shown in [Figure 4A](#F0004){ref-type="fig"}, MTT assay showed that the proliferation of A549 cells was significantly inhibited after knockdown of MNX1-AS1 (si-MNX1-AS1 group vs control group, *t*=7.877, *p*=0.000). Colony formation ability experiments were further employed to mimic the ability of cells to form multicellular clones from individual tumor cells. As shown in [Figure 4B](#F0004){ref-type="fig"}, after transfection of MNX1-AS1 siRNA, A549 cells formed smaller clones and fewer clones. Statistical analysis demonstrated that down-regulation of MNX1-AS1 significantly reduced the number of clones formed in A549 cells (si-MNX1-AS1 group vs control group, *t*=9.258, *p*=0.000). It was suggested that down-regulation of MNX1-AS1 can significantly inhibit the proliferation of NSCLC cell line A549 and attenuate the ability of colony formation.Figure 4knockdown MNX1-AS1 inhibits proliferation of NSCLC cells. **(A)** MTT assay was used to detect NSCLC cell proliferation. **(B)** Clonal formation assay detects NSCLC cell proliferation. Values are means ± SD. \*\**p*＜0.01.

Knockdown of MNX1-AS1 promotes apoptosis in NSCLC cells {#S0003-S2006}
-------------------------------------------------------

The effect of knockdown MNX1-AS1 on apoptosis of NSCLC cells was detected by Annexin V/PI double staining flow cytometry. As shown in [Figure 5A](#F0005){ref-type="fig"}, after MNX1-AS1 knockdown, the apoptotic rate in the A549 cell line was significantly higher than that in the control group and the si-control group, while there was little change between the control group and the si-control group. Furthermore, the downstream marker proteins were detected. The results were shown in [Figure 5B](#F0005){ref-type="fig"}. Compared with the control group and the si-control group, the expression of the proapoptotic protein Bax was significantly up-regulated in the si-MNX1-AS1 group, and the anti-apoptotic protein Bcl-2 expression was significantly down-regulated. The results showed that knockdown of MNX1-AS1 promoted apoptosis of NSCLC, possibly by regulating Bcl-2 and Bax genes.Figure 5knockdown MNX1-AS1 promotes apoptosis in NSCLC cells. (**A**) Annexin V/PI double staining flow cytometry was used to detect apoptosis of NSCLC cells. (**B**) Western blot analysis of apoptosis-related protein expression. Values are means ± SD. \*\**p*＜0.01.

Knockdown MNX1-AS1 inhibits migration and invasion of NSCLC cells {#S0003-S2007}
-----------------------------------------------------------------

The effect of MNX1-AS1 on the migration and invasion of A549 cells was analyzed by Transwell assay. As shown in [Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}, the cell migration (si-MNX1-AS1 group vs control group, *t*=3.162, *p*=0.005) and invasion number (si-MNX1-AS1 group vs control group, *t*=3.875, *p*=0.001) of si-MNX1-AS1 group were significantly lower than those of the control group . In addition, Western Blot analysis of migration and invasion-associated marker protein expression showed that MMP-2 and MMP-9 expression levels were significantly down-regulated in the si-MNX1-AS1 group compared with the control (*p*\<0.05). The results indicated that MNX1-AS1 may be involved in promoting the migration and invasion of NSCLC cells, thereby promoting tumor cell metastasis.Figure 6Knockdown MNX1-AS1 inhibits migration and invasion of NSCLC cells. (**A**) Transwell assay analyzes migration and invasion of NSCLC cells. (**B**) Western blot analysis of migration and invasion-related protein expression. (**C**) Western blot analysis of EMT-related protein expression. Values are means ± SD. \*\**p*＜0.01.

Epithelial-mesenchymal transition (EMT), as an invasive phenotype of cancer cells, plays an important role in tumor metastasis. During the EMT process, the expression of the interstitial marker proteins Vimentin and N-cadherin increased, and the expression of the epithelial marker protein E-cadherin decreased.[@CIT0012] Western blot analysis showed that ([Figure 6C](#F0006){ref-type="fig"}), compared with the control group, the expression level of E-cadherin in the si-MNX1-AS1 group significantly increased, and the expression levels of Vimentin and N-cadherin protein significantly decreased (*p*\<0.05). The results suggested that MNX1-AS1 knockdown can inhibit the migration and invasion of NSCLC cell line A549 by regulating EMT.

Discussion {#S0004}
==========

Lung cancer is one of the leading causes of cancer-related deaths worldwide. Finding new molecular targets for diagnosis, treatment, and prognosis assessment may improve clinical strategies and outcomes for this disease.[@CIT0013] With the rapid development and application of deep sequencing, gene chip, real-time quantitative PCR and in situ hybridization, the role of LncRNA in the development of lung cancer has also attracted much attention. According to reports, CCAT1,[@CIT0014] HOTAIR,[@CIT0015] PVT1[@CIT0016] can induce malignant transformation of bronchial epithelial cells and form tumors. In addition, a variety of LncRNAs have been shown to be abnormally expressed in NSCLC tissues and blood, and can be used as markers for the diagnosis of NSCLC.[@CIT0017]--[@CIT0019] Identification of tumor-associated LncRNA is not only helpful in understanding the role of LncRNA in tumorigenesis, but also important for exploring new therapeutic targets.[@CIT0020] This study was to investigate the expression and significance of LncRNA MNX1-AS1 in non-small cell lung cancer.

Wu[@CIT0010] used lncRNA chip to analyzed the differential expression of MNX1-AS1 in gallbladder carcinoma and adjacent tissues and found that the expression of MNX1-AS1 in gallbladder carcinoma tissues was 159 times that of adjacent tissues. Li et al[@CIT0021] revealed that the levels of MNX1-AS1 were higher in EOC tissue than in matched normal tissues, and MNX1-AS1 expression level was correlated with FIGO stage, grade and distant metastasis. Additionally, they also revealed that MNX1-AS1 may be a useful marker for predicting the outcome in patients with EOC. However, the clinical significance of MNX1-AS1 in patients with NSCLC is unclear. In the present study, we found that the expression of MNX1-AS1 was significantly higher in NSCLC tissues and cell lines than in corresponding normal lung tissues and human normal lung epithelial cell lines. Additionally, the expression of MNX1-AS1 was closely related to TNM stage and lymph node metastasis, and its high expression might be an important biological indicator for predicting the poor prognosis of patients with NSCLC. These results confirm that the involvement of MNX1-AS1 in the progression of NSCLC may be an independent prognostic factor in patients with NSCLC.

Additionally, Wu[@CIT0010] showed that MNX1-AS1 is associated with 39 mRNAs in the co-expression network, including otx1, trim59, MMP-12, HOXB9 and other tumor cell biological function-related encoded protein genes. Gao et al[@CIT0022] also found that knockdown of MNX1-AS1 can significantly inhibit the proliferation, migration and invasion of glioblastoma cells, and its carcinogenic mechanism may be related to its targeted regulation of miR-4443. Lv et al[@CIT0011] confirmed that as an oncogene, MNX1-AS1 knockdown can not only inhibit the proliferation and migration of ovarian cancer cell lines WVCA433 and SKOV-3, but also induce cell cycle arrest and promote cell apoptosis. These results suggest that MNX1-AS1 may have a role in regulating the biological function of gallbladder cancer cells. The clinical pathology data of this study also indicated that MNX1-AS1 may be involved in the regulation of NSCLC occurrence and metastasis. To investigate the functional role of MNX1-AS1 in the progression of NSCLC, we used a lentivirus to knockdown MNX1-AS1 in A549 cells. It was found that knockdown of MNX1-AS1 inhibited proliferation, colony formation, migration and invasion of NSCLC cells and promoted apoptosis. In addition, by analyzing the expression of apoptosis-related and metastasis-associated proteins, MNX1-AS1 knockdown could affect the expression of apoptosis-related proteins (Bcl-2 and Bax) and metastasis-associated proteins (MMP-2 and MMP-9). EMT is a key event in the ability of NSCLC cells to acquire metastasis.[@CIT0023] Studies have shown that in the event of EMT in NSCLC cells, their invasion and metastasis capacity is significantly enhanced.[@CIT0024] We found that MNX1-AS1 knockdown regulated the expression of EMT marker genes, suggesting that MNX1-AS1 may participate in the process of promoting the transfer of A549 cells by regulating the EMT process of NSCLC cells. These results confirm that MNX1-AS1 may play a carcinogenic role in NSCLC and may be a potential target for the disease.

Conclusion {#S0005}
==========

In conclusion, this study demonstrated for the first time that up-regulation of LncRNA MNX1-AS1 was closely related to the progression and prognosis of NSCLC. We also found that LncRNA MNX1-AS1 played an important role in the proliferation, metastasis and apoptosis of NSCLC cells. These results suggest that MNX1-AS1 may be one of the new targets for NSCLC prognosis and treatment.
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